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Chapter 10

Testing Various
Hexahydropyridoindoles
to Act As Antioxidants
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Institute of Experimental Pharmmacology and Tovicology,
Slovak Academy of Sciences, Bratislava, Slovakia

Abstract

Five hexuhydropyviidaindoles. namely stobadine, SMUIdM9EM L SMET-ProC2,
SHIMAIEC?, and SMelEC2, in the form of mono- or dibvdrochloride salis, were tested
to 2t as an H atom donor as well as an electron donor. The Hoatom donating properiies
ol the substances were examined by orotational viscomelry an assay based on
hyaluronan free-rudical degradation induced hy ascorbate pdes Culll) under aerabic
conditions. For evaluating the clectron doner properties of the substances, the standard
ABRTS and DPPH decolorization assayvs were appled.

Results of rotational viscometry showed that in time 1 hoand 5 hothe most effective
preventive antioxidants were stobadine and SMEL-ProC2, respectively, The most
effective chain-breaking antioxidant was recorded 1o he stobadine. The efticacy of the
substances analvred by the ABTS assav increased in the order: SMIM3AECD = stohadine
= SMelEC2 = SMET-ProC2 = SMIEAM9AM 0, Yer, the laler subsiance demonstrated a
proosadative effect on assaving s Hoatom donating propenties. The different order of
effectiveness of substances assaved by the DPPH method (SMEH-ProC2 = SMel ECT -
SMIMIEC? = SMIdMUdMIT = stobadine) was affected by poor solubality of the
substances, the organie salts in pure methanol, which represents a [H7 ) [H;00 |-free
e
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Abbreviations

HaA, hvaluronan,
E rhcum’umd arthritis:

.HI-_ S}I'H:H ial Hmd,
WROS, Weissherger's biogenic oxidative syseni.

1. Introduction

Inflammation of synovial jaints is accompped by o decrense m the viscosity of synovial

Muid (SFi, in which hyaluronan (HA. called also haalorenic acids Fig. 1) 1s the macro-
molecular component, which imparts the 5F viscosity 10 his heen iy pothesized that reactive
axveen species (ROS), produced by (mbilvatedy neotrophids, may be responsible for the
degradation of HA macromolecules within the 51 ol paticnts suflening from rheumatind
arthritis (RA) o viro studics underling thin of the vanous mdividual ROS, hyvdroxyd rdicals
"OH are the most degradative against the A clann |1

Several in vitre generators of "OH radicals vestigted, explont primarily the system
comprising hvdrogen peroxide and reducced trnsition mctal jons, mostly Fe(ll) — the Fenton
redctants, One 1act has however been enticized on applvinge the Fenton™s generator of KRE!
radicals. namely that the experiments at which Thor soluton s applied Tike a “holus™ are
really far from  pathophysiological conditions, which ure sctally nvolved  also n
inflammation of synovial jmnts, I vive. the process of seneration of bydrogen peroxide as a
pre-cursor of further ROS should run contmadly ol the mosine “born™ HaCh maolecules
should be stepwise converted to Ol radicals 1) such continual generators of hydrogen
peroxide and'or hydrosyl radicals we would Bke jo call attention 1o the so called
Weissberuer's hiogenic oxidative system — WHOS (el Scheme 12
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Scheme | Chemistry of Weissherger's biogeme oxadative system: Hudrogen peroside s senerated by
exidation of ascorbate ar catalyiic action of Cu{1E ons {adapted from [8]).

AscH and DHA denote ascorbate anien and dehvdroascorhate.

WEOX — condition serngs: Taking mto account the well known fact that in most human
tissues, ancluding that of SF, the concentrations of ascorbate never exceed the value of 200
uhd [9] tin mean = 100 pM), settings of ascorbate concentration i the WHROS w0 100 pM is
comprehensible. The second variable i the WEOS, namely the lovel of Cullly jons, can fall
1o few micromals/L (4,33 oM — as determined in post morien collected SF from subjects
withoul evidence of conmective tissue discase [10]. Yet, as reported by Naughton e al, [11)
the level ol copper ions in the 5F ultrafiltrates of A patents equals O 123+0.005 pM,
Therefore, the application of 0,1 pM ol cupric joms (in the form ol e.e. CuCly) as the second
variable in the WBEOS could well model pathophysiological conditions. Thus it can be
clatmed that the Culll) concentration equaling 0.1 uM along with 100 uM of ascorbate is o
proper setting, especially valuable to model the situation within SF during the early stage of
acute phase inflammation of synovial joints [12]. Under such [Cu(l)]:[ascorbate] setting, it is
evident {cf. Scheme [} that within one single reaction cyvele 001 pmol H-0- is vielded, which
by action ol cg. the imermediate Cufll-comples is altered 1o 01 umal of "0 radicals. One
fraction of these radicals reacts o sfedn nascend! with the  present (larget) HA
mucromolecules, while another fraction 15 scavenged by the ascorbate excess according to the
reaction

AHCJ'{-'.E-:'”—".'J'\H(:.-l Hj[} iy

where Ase’ denotes ascorhy] anion radicals, which disproportionate immediately, yielding
ascorhbate and DHA.

WROS wrifine: For testing the efficiency of a substance in function as preventive
antioxidanl andior scavenger of the generated "OH radicals (the substance H atom donating

property) one should take inte account that on applyving a potentially “perfect/absolute
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inhibiter™ of HA degradation induced by the "OH radical, the experimenial curve should copy
the gray one (cf. Appendix, Fig. 1), On the contrary, the substance with nil *0OH radical
trapping properties (donor of no H atom) should vield a curve which superimpases that of the
black one (el Appendix. Fig, 1) Results of measurements of time dependencies on the HA
selution dvnamic viscosity falling within the region between the grav and black curves relate
to greater or lower efficicney of the test substance to act as a preventive antioxidanl,

Since the primary/initation step of the HA reaction with *OH ruchical should vield o
reactive C-type macroradical (hereafter denoted as A*), under acrohic conditions the A"
macroradicals should react with dioxvgen viclding a peroxyl-tvpe macroradical (hereafier
denoted as ADOT

HA+"0H —A® + HiD
At D=0 — AOD"

and the AOO" macroradical immediately starts the propagation phase of the free-radical chain
degradation of HA macromolecules. This fact could. however, be exploited Tor testing
substances acting as chain-breaking antioxidants,

For testing the efficiency of @ substance in function as a chain-breaking antioxidant
andior a scavenger of the propagated AOO" radicals, one should take into account that a
“perfectabsolute chain-breaker” of the propagation phase of the free-radical HA degradation
should result in an experimental curve, as represented by the gray one (¢l Appendix, Fig, 2),
On the other hand, the substance with nil chain-breaking properties (donor of no H atom)
should vield a curve, which supenimposes that of the black one (¢f. Appendix, Fig, 2} Resulis
of time- dependent measurements of dyvnamic viscosite of the HA solulion talling within the
region between the gray and black curves relate to a prealer or lower efficiency of the test
substance Lo act as chain-bresking antioxidant,

Both spectrophotometric methods, namely the ABTS and DPPH decolorization HESHAES
cannot be classified as absolute methods [13], By the reduction action of the test suhstance,
the color indicator (ABTS" ar DEPH") is converted te the Tnal compound ABTS or DPPH
according 1o the reactions

ABRTSY +¢ — ABTS tone clectron reduction )
CEPH" + &~ 13PPH [one electron reduction)

By measuring the reaction kinetics, one can classify the test substance as either {ast or
slowly acting reductant. Measurements at a pre-selected time interval afier the reaction onset
show that the subsiance reduction property can he comed e.oons an 10, value. Although bath
dssays are still often exploned. their impact 15 questionable since neither the ABTS™ nar
DPPHT indicator represenis uny biomoleeule. and i nat even found in am baslogical svstem,

Vast amount of hesahy dropy ridoindoles with different physico-chemical propertios have
heen synthesized so far [14=16]. OF them, all five dervati cs, numely e dibvdrochlorides of
= stobadine (1) and SMIAMOANTO (2) and 1he manohydrochlorides o~ SMET-Prol 2 (31
SMIMIECD (4), and SMelEC? (5) (see Appendix., Fig 31 which undergone pharmaco-
dynamic studies ae exammed and reported i this paper Fronn the point of view of ther H

atom donating us well s reducive properics
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2. Results and Discussion
1. Weissberger's Biogenic Oxidative System

scheme | implicates  the stalement that ep. w1 the ratjo of the reaEctants
Houlll) ]| ascorbate] = (L1100 the reaction cyele will be repeated 1000-times and at 100
cHicacy of all elementary reaction steps the products will be DHA and H.0,

anount of TOO umol, This staten

both i the
n is naturally incorrect since the product senerated, fo

hvdrogen peroxade is decomposed vielding *OH rudicals due 1o the presence of the reactam
Cullly reduced to Cullj-intermediate [17]. Aceording to reaction (1), however, during the

carly stage of the renction cycles, there 15 a high molar surplus of ascorbate within the Svslen.

and thus most of the gencrated "OI radicals will be immediaiely scavenged and the
exclustvely detectable “radical product™ in the reaction mixture will be Ase™ — the ascorbyl
anion radicals. This implicit conclusion was proved by EPR measurements of the agqueous
swsten comprising CuCls (0.1 pmol), ascorbic acid (100 umol), and the spin-trapping agent

AS-dimethyl-1-pyrroline-N-oxide (DMPO: 250 mmaol) | 8] During the first appr. 60 min of
the reaction of WROS components, the exclusive EPR signal detected was that be langing to
ascorbyl anon radical (Asc™: Fig 2a). The "DMPO-0O1 adducr was dLELL.[J]‘JL as Iate as 1 h
alter the reaction initiation, fe after disappearance of the EPR signal ol ascorbyl anion
radical, pointing to the depletion of ascorbate in the reaction mixture nmmmrLd Fig. 2b
shws an :_xp|=il'|‘1lt'lr\ chart ol the time courses of the itegral EPR signals of Asc®™ anion
rachical and the "DMPO-OH adduct.

[ | |

() Time [min| 60

Figure 2o, Tune course of EPR specira of the aqueous mixture contaming Cul’ly (0.1 umal), ascorbic
Actd (HO0 pmaol ), snd spin trapper DMPO {230 mamol ) at room temperature adapted Trom Sollés of of
[15]

The record illustrates the scans of the Ase™ anion radical evidenced in fime fram (L5 (o
36 min.

In the figure, hoth the EPR spectrum of the ascorhyl anion radical Asc®™ and that of the
"DMPO-0H aduct are depicted.



98 Eatarma Valochowa, Marna Banasova, Dobico Machova, et al:

2.2, Hyaluronan Free-Radical Degradation

As can be deduced from the ahove mentoned observations {cf. Figures 2a and 2h), hy
applving WBOS, *OH radicals should be cenerated afier a certain time delay, fe after the
“comsumption™ of a certain amount of ascorbate, which acted as a seavenger of hydroxy)
radicals. Yet, in spite of such an expectation. afier ascorhic acid addition 10 the HA solution
contiining copper ions, the degradation of the biopolymer macromolecules starts practicallv
mmmediately (ef. Appendix, Figs | oand 20 Blick ewrves). Dyvnamie viscosity ve. time
relitionship of the solution monitored decreases cradually and the inmal dynamic viscosit
() value = 993 mPas (corresponding e M, 2087 kD) decreases in lime and in the 3t
hour its value gguals 6,30 mPa-s (correspomding 1o M, = 420 kD [19]),
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Fipure 2h, Hlustrative representation of the e dependeices ol the ntegral EPR signals of Ase™ anion
radical (20 and the "DMPO-OH adduct (e - adapied B Soltes etal (18]

To clucidate the above mentioned ohseryaliones 1115 necessary Lo note here the following:
Under the experimental conditions wsed sithim the selutien mistuee monitored (pH = 6.0-
6.5y, the HA macromolecules (2.3 mgombpare lnehly waeed sinee the pR, values of the -
glucuronic acid residucs equal 3.12 | 20]. The wnivns ol the D-glucuronic scids (6.25 mmol)
the structural elements of HA macromolecule  matneally form salts with the {counterjeations
ol copper fons (LT smolh Moreover. as reported | 21 haalerome acud binds reversibly cupne
ions (the binding constant = 300 10 Lol [22]1 Yol phausihly, due 1o the really high malar
ratic of [FCOC | [Culhy] = 62 300, the copper cations wall he dispersed threughou the chain
of HA macromelecule, randomly formung o velatnvely sporadie population ol O T -bond
micronuelel. Under aerobie conditons the pre-tommad vocronueler of the PEA-Callly complex
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lormes the haghly reactive "0 radical. The lavter. wr stem nascendi, reacts with the cham ol
the HA macromolecule, vielding the A" macroradical. Hence, the substance whose role s 1o
ipreventively ) inhibit the gencranon of "OH radicals, must diffuse as close as possible o the
mucronuclens of the HA-Cull) complex and either decomposes the molecules of H-01 1o
inert components (23] or elTfectvely domates the atom W from its molecule: In case that the
given substance is an elficient H atom donor, the radical formed from the substanee should he
ineffective to resintbinte the renctions” cascade of the free-radical chain degradation of HA
macromaolecules, The later condition mentioned s very well fullilled by applying |-
glutathione (GSIHY [ 7.24.23]0 the endobiotic substance which denates Hoatom really freely
vielding a weakly reactive glutathivl radical (GS") Within the organism, G5° radicals
recombine rapidly o glutathione disulfide = GRS (called also Soxidiaed ™ glutathione),

2.3, The Potency of Substances 1, 2, 3, 4 or 5 to Act As Preventive
Antioxidants

O inspecting the experimental results represented in Fig. 3, panel A, one can stale thal
from all five substances tested substance 1 15 classifiable as a really efficient preventive
antiosidant. In the concentrations used (100G, 400, and 1000 phd) subsianee 1 mhibied the
T8 %) during the first hour. Yet even al the high potency of substance 1 10 acl as a
preventive antioxidant, it was not efficient enough to inhibit the degradation of HaAs (Fig. 3,
panel B), The percentage of the inhibition of HA degradation at 5 howas practically
independent of substance 1 concentration used and ranged between the values 2404-31.3%
{cf. Fig. 3. panel B, black line).
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Figure 3. Percentage of HA degradation inhibition at | h (panel &) or 3 h{panel 1) aller the reaction
onset nhibited by the subsance rested o function as a preventee antios dant

From the point of view of the potency of the substances tested o act as preventive
antiosidants, exclusively the action ol substance 3 15 valuable enough to be aken o account
fef. Fiz. 3, panel A) Substance 3, although less effective than T at | h, demonstraled a
concentration dependent mhibitory action at 5 h with values of 23.2, 39.4, and up 1o 53.8% at
the concentrations 100, 400, and 000 ubt (ef. Fig. 3, panel B). The remaining three
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substances, re. 2, 4, and 5, concerning their polency to prevent free-radical chain degradution
of HA macromolecules, were much less effective as compared 1o the efficiency of substances
Land 3. The registered negative values of the percentages of the inhibition of dearadation of
the HA macromolecules, evidenced mirkedly on testing the action of substance 4 (cf, Tig. 3.
pancls A and B, concentrations [0 and 00 1My, indieate that its radical formed within the
reaction mixture might, most plausibly, mitiate by itself a cascade of free-radical chain
reactions. According to the above mentioned facts, it can be concluded that substances 1 and
3 are much maore relevant for upplication as preventive seavengers of HA deoradation induced
by WROS,

2.4, Substance 1, 2, 3, 4 or 5 Potency to Act as Chain-Breaking
Antioxidants

Figure 4 shows the pereentage ol the bubation ol HA degradation at 3 h by the substance
applied into the vessel | h after the reaction anset AL sueh an experimental setling, agam
substance 1 demonstrated the “greatest”™ eilicacy, namely 23.2%, ar 100 M. Stmultancous]y,
the percentage of the inhibition of degradation of HAs by applyving substance 1 indicates a
weak positive concentration dependency with the value of mhibition equaling 38 3% at 1000
uhd. The efficacy of substance 1 at 1000 uM was shehily exceeded on applving substance 3
(31.6%) The latter substance (51 was the only one, which urambiguously demonstrated a

significant concentration-dependent inhibitory action (ol Fig. 4, line 5).
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24 Reductive Property of Substances 1, 2, 3, 4 or 5

A snuple order of substances 123 based on the determined values of 1.0 recorded in
Fable | shows that the order of the efficacy of the substances tested by both ABTS and DPPH
sivs 15 nol dentical. While the data obtained by ARTS decalorization assay resulted in the
ciicacy of the substances in the orders 4 = 1 = 5 = 3 = 2 the order of the substances
determined by the TIPPH assay was: 3= 554 = 2 = 1, The most disputable result was the
eovalue = 122=5.2 uM determined for stobadine by the DPPH assay. The most appropriste
esplanation 15 the fact that both stebadine and substance 2 used i the DPPH assav were
dilswdrochlorides. Since this assay  necessitates work i an absolutely  non-aqueous
covicomment — in ahsolute methanol — ot is guestionable i ever and 10 what extent the
rednction capability of dilvdrochlorides (1 and 21 or monohyvdrochlorides (3. 4, and 33 of
bewahvdropyridoindoles was inflluenced by the absence of U protons, (e by H:0 jons. Due
tothis fact, it can be stated that for correct determination of the 10, values of the substances
mvestigated, the ABTS wssay s maore relevant compared 1w the DPPH assav. The lauer
method has been already applied to some pyridoindole dervatives [26], vet o lree base of
these substances was used in this assay, The results ol determining the [ values by the
atler assay can be therefore signilicantly influenced by melicient or practcalls ml oniration
nl substances 1, 2, 3, 4, and 5 in the [H J/[11:0 J-deficient milicu, fe in non-agqueous

methanol.
Table 1. 1C:; values of five hexabydropyridoindoles
determined by ABTS and DPPH assavs
mubstance I.-'k BTS assay DPP assay
——— Lyeh ] M)
I. Stobadine 12 60,24 122452

' SM1dMOaM10 15542,2
i SMETi-ProCJ DT 0046
‘l._H MIMIEC2

P4 4l m3
10,640,351
e B

; | 6, 5=0.67

5, sMelEC2

The ranee of the [Ty values of substances 1, 3, 4, and 5 from 10082038 10 2762046 pM
determined by the ABTH assay indicates that these structural derivatves have similar
reduction properties against ABTS” cation radical, The most effective reductants of ARTS"
catton radical were substances 4 and 1, Substance 20 can not be included inte the set of
clleetive reductants Tor its high s value (155222 uML A recent detailed examination
shoswed that substance 2, (e SMIAMSIMID, has to be tested especially carefully from the
viewpoit of 115 reduction properties. This substance. in the process ol a high-molar-mass
lyaturonan degradation mduced by BOS in WROS, showed a simmilicant pro-oxidative effect,
which was especially evident in the concentration of 1000 pd (cf. Fig. 5 panels A and 3,
pray curvesh The pro-oxidative effect observed inosubstance 2 leads implicitely o two
cunelusions: (1) substance 2 4s the least efficient reductant of ABTS" cation radical of the st
ol hexabvdropyndoimdoles wested and (7)) although 1he given substance 20 an H atom donior,

wet the radical formed from this substance might be elfective in re-initiating the reactions



i
i
|
|
1]

i

10z Kataring Valnchow:, Miria Banasovi, Dubics Machovi, et al.

sascade of the free-rudical chain dearadation of HA macromaolecules, However, the latter fact

is to be confirmed by some complementary experimental techniques.
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3. Conclusion

The primary goal of the modifications ol the hesahvdropyridoindole chemical structure
of stobadine [eis-(-1-2,3,4,4a,5 9h-hesahydro-2 Sdimethy 1-1-F-ps riddo|4,3-blindole) [27] (an
enantiomer of the racemic drug carbidine [2R.2U]F was Lo dumninish adverse hypatensive
effects of substance 1. which are due o s w=mlrenelyte adivity [30,31]. Since the acute
toxicity of substances 2, 3. 4 or 3 has been el lowe compared 1o substance 1 [15],
diminishing adverse effects along with an imcrease ol the antiosidative efficacy of the newly
synthesized hexahydropyridoindoles would beter meet the claims for introducing  these
prospective drugs into chimeal  practice. Hovwever. aceording to the above presented
ohservations. i1 is evident that any gain, if . Bl onoapplyving substanees 2, 3. 4 o 5 did
not exceed remarkably the well established amtiosidative propenties of substance 1 [31-3 ]
i e stobadine — o cardioprotective drag |31 34=37]

Stohadine, an amphiphilic substance with ph . 2% and pk,. = 7.2, can frecly reach both
lipaidal and hydrophilic environments in the s oreanism including those of (synovial)
joints [38]. Due o s redox pmcntml at neutral phl ool =058 WV, Iving between that of
ascorbate (Ase™. H/AseH = +H0.282 V) and plutathione (GSTIGST = +0.920 V) [39.40].
stobadine 5 a really proper |'-:d|.|-,;l:|:11 andd B sitonn oo

o aveid inappropriate applications amd nesmicrpretiion ol the observations resulting
from exploiting one single assav. the usage ol o “hatleny™ ol assays mieasuring ditferent

havior of amtiosidunts has |*I.'-." wecommended  (for review see [13]).

aspects of the b

Althoueh the ABTS and DPPH decelorizanon aasays e the most [requently ubilived,

development of assavs where more than one osulalive species 1s present o the reaction

medivnrstmultmeons)y showld be comsilered mevitble, oes tosvaereds 1his direction

pprecinted b establishing the desien of o sindardeed analvtical mathod [41 ] Wathim 1w
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Later method, o “cockinil”™ of ROS — 0. "OH, and AOOT — acting practically simul-
lcously can be stated. This ROS cockiail damuges the probe. e the high-molar-mass
Ivaluronan, a process which resembles that within the inllamed (synonial) joinls,

Apphication of the DPPH decolorization assay in case of testing the reductive properties
ol =alls of arganic substances can lead o resulis which should he reevaluated in the comtoxt of
mem-disocithility of these salts in the non-aqueous eovironmenl. The ABRTS assav, which
nperates ina partially agueous, feoonic milicu, is most plausibly a proper choice Lo broaden

the msight mio the reductive (antioxadative) properties of salts of oreanic substances,

4. Experimental Procedures
4.1, Biopolymer and Chemicals

The high-molar-mass hyaluronan sample P9710-2A used with a weight-average of the
produr masses M, = 8087 KDa and polvmolecularity value Mo/, = 1,03, where the M, is the
number-average of the polymer molar masses, was the product of Lilecore Biomedical Inc.,
Eliaska, MM US A Analvtical pority grade KaCl, CuCl-2HA0, ethanol 96%., and methanaol
were purchased from Slaves Lid. Braushava, Slovakiac | -ascorhic acid and potassium
pursulfate (K:5:0¢ pa. purily, max. 0.001% nitrogen) were the products of Merck KGaa,
Prarmstadl, Germany; 2.2 -azinohis- 3-ethvlbencothiazoline-t-sulforme acid) (ABTS: [
4990 was from Fluka, Stembeim, Germany; 2.2-diphenyl-1-picrvibvdrazyl (DPPH) were
the products of Sigma-Aldrich, Steinheim, Germany. The hexahvdropyridoindoles were
prepared at the Institute of Experimental Pharmacology and Toxicology, Brauslava, Slovakia,
Detonized high-purity grade water, with conductivity of <0055 pSiem, was produced by
nsing i owater purtfication system of Thermo Scientific TR A, Niederelbert, Germany

4.2, Solutions

The 1A sample solutions {2.5 mg/ml.) were prepared in the dark at room temperature in
N5 M agqueous NaCl in two steps. First, 4.0 mL of the solvent was added to 20 mpg HA, and
100, 3.85, 370 or 340 mL of the solvent was added after 6 h. All stock solutions, mcluding
these of cach hexahvdropyridoindole (1, 2, 3,4 or 5; 16 mM), L-ascarbic acid (16 mM), and
cupric chlonde (16 mM diluted 10 a 16 uM solution) were also prepared in (115 M agueous
Malll

4.3, Hyaluronan Oxidative Degradation

HA degradation was induced by the WBOS comprising L-ascorbic acid (100 pmal) and
Cul’l: (0.1 pmol), The procedure was as follows: a volume of 30 pl of CuCls solution (16
uhy was added 1o the HA solution (790 mL) and after 30 < stiming the reaction mixture was
ledt 1o stand fo

7.5 min gl rocm temperature, Then 5O ul. of L-ascorhic acid solution {16
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mil) were added to the reaction mixture and strced agam for 30 s The solution mistere (5.0
mb) wus then immediately transferred into the viscometer Teflon” eup reservair.

Procedures to investigate the | atom donating property of the substances (1. 2, 3, 4 or 5)
were as [ollows;

i The solution of Cul'l= (16 My the valume of 30 gl was added to the HA soluton
(7.85, 7.70 or 740 mL), which was lefi 10 stand for 7.5 min at room temperature after
stiering for 30 5. Then, 50, 200 or 300 pl. of the substance solution {16 mM) were
added to the solution mixtre and stirred again for 30 s, Finally, 30 ul of the |-
ascorbic acud solution (16 mhywere added 1o the seluton mixture and sticced Tor 30
5. The reacion mixture (8.0 ml) was then immediately translerred into the
viscometer Teflon™ cup reservoir. 11y adding the substance n tdme O mun, e belone
adding ascorbic acid, we investignted 1he capability of the substance tested 1o
scavenge "OH radicals, fe 10 gt as a preventive antioxidant | 7,1 5]

1 In the second experimental setting, a similar procedure as that deseribed in (1) was
applicd. However afier leaving the solution misture (7.90, 7.75, or 7.45 mLi lor 7.5
min at roon temperatiere, S0 plof the | -ascorbic acid salution {16 mM 1 were added.
After | h stirring of the reaction mixture, linally 50, 200 or 500 pL of the substance
solution (16 mM) were added and stirred for further 30 5. The reaction mixture (5.0
mlL ) was then immediately transferred into the viscometer Teflon™ cup reservoir. [y
adding the substance 1 h afier admixing ascorbic acid, we investigated the capability
ol the substance tested Lo seavenge perosy-tvpe radicals, (e o act as @ chain-
breaking antioxidant |7,25,42 43,

4.4, Rotational Viscometry

Phe resulting reaction mixtare (5.0 mL ) was transferred into the Teflon cup reservolr of

a Brookfield LVDV-II=PRO digital rottional viscometer {Brookfield Engineering Labs.,
Inc.. Middleboro, MA, U.S AL The recording of viscometer oulpul parameters started 2 min
alter the experiment onsct. The changes ol the iy values of the reaction mixture were recorded
at 25.0:0.1 20 in 3-min intervals for up e 5 he The viscometer Teflon™ spindle rotated at 180

g k3 1
om, Le wlashearrate of 237605 .

4.5, ABTS and DPPH Assays

The standard ABTS decolonization assiy was applied as already reponted [44-46).
Bricflv, the squeous solution of ABTSY calon radical was prepared 24 h before the
mensurements al room emperature as follows ABTS agueous stoek solution (7 mM) was
mised with Ka5-0p agueous solution (245 M) an equivalume ratio. The following day. 1.1
ml. al the resulting solulien was diluted wath 26" cthanol toothe final volume of 30 mL, The
ethanol-agueons reagent v the volume of 250 @l was added w0 2.5 Ul of the cthanalic

salution of the subs<tances 1,2, 34, 00 3 The concentraion of each substinee solulinn wis

I's

[0 —0.E208 mi.
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PG =thstn md The Bigln absorbance ol the sample mixiure was recorded o1 734 nm in the 6™
mann - fier mixing the renctints,

In DPPH decolorization assux, 2. 2-dipheny-1-pieryhydrazyl (11 mpg) was dissolved in
) ml of distilled methanol to generate DPPHT, The DPPH® radical solution i the volume of
225 plowas added w 25 pl ol the methanolic solution of the substances 1, 2, 3, 4. or 3 (in the
concentration range of |0-0.078 mM) and i the 30" min the ahsarbance of the sumple was
measured at 317 nm. All measurements by both assavs were performed quadruplicately in Y6-
well Greiner UNV-Star microplutes (Gremer-Bio-One GmbH Germany) by using the Tecan
Infinite M 200 reader (Tecan AG. Austriz). The caloulated values of 105 are expressed as
meant s,
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Appendix

[ Maes]

Dynamic viscosity

L

S ' . '
f il 120 (1)

240 R

Time [min|

Frgere | Time-dependent changes of dynamic viscosiy values of the teat HA salution (2.5 ma/ml).

The gray curve simulates the situation when no HA degradation occurs and the solution
dynamic viscosity value rises shightly in tme due to the phenomenon called rheapexy.

The black curve (0} represents the real depradation of the biopolviner chains (here
induced by 001 pmol Culll) pfas 100 pmod ascorbate).
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